The hybrid maize cultivars of multinational seed companies are gradually being popular among the farmers in Nepal. This paper reports on research finding of 117 maize hybrids of 20 seed companies assessed for grain yield and other traits at three sites in winter season of 2011 and 2012. The objective of the study was to identify superior maize hybrids suitable for winter time planting in eastern, central and inner Terai of Nepal. Across site analysis of variance revealed that highly significant effect of genotype and genotype × environment interaction (GEI) on grain yield of commercial hybrids. Overall, 47 genotypes of 16 seed companies identified as high yielding and stable based on superiority measures. The statistical analysis ranked topmost three genotypes among tested hybrids as P3856 (10515 kg 
INTRODUCTION
Maize (Zea mays L.) is the key ingredient for poultry and livestock ration in addition to its position as one of the major food crop in Nepal (Dhakal et al., 2015) . It has a wider range of uses as compared other cereal as food, feed, fuel, fodder, and industrial raw materials. The changing consumer habits from starch to protein rich food demanded more amounts of animalderived foodstuff in the country. In the meantime, ever increasing trend of poultry and livestock business along with increasing population and rising income has demanded more amounts of maize grains. A current market requirement of maize grains is partly fulfilled by growing hybrids ISSN: 2467-9291 (Print), 2467-9305 (Online) DOI: http://dx.doi.org/10.3126/jmrd.v2i1. 16210 in winter at Terai and inner Terai (Gurung et al., 2011) . Because of higher yield potentiality and assurance market of maize grains, farmers' attraction towards hybrids cultivar increased radically on these days. Yield advantage of hybrid cultivar over traditional variety is a critical component for determining the attraction towards hybrid maize (Heisey et al., 1998) . In Nepal, farmers started to grow hybrid maize since 1980s by importing seeds from India due to the open border between the countries (Thapa, 2013) . It has already covered approximately 80 and 10 percent of maize production respectively in Terai and mid hills (Adhikari, 2014) . Hybrid maize concealed around seven to ten percent area of Nepal in 2010 (Gurung et al., 2011; Thapa, 2013) and area under hybrid maize is increasing every year. Nepal imports almost 20 percent of corn seeds every year (Adhikari, 2014) and nearly 100 percent of hybrid seed is being imported from India (Gurung et al., 2011) . Hence, it can be projected that hybrid maize covered around 12-15% maize area in Nepal. Due to increasing investment of government and private sector on hybrid maize seed, it covered around 90% percent area under winter maize. However, nearly 40-45 percent of maize grains used in feed industries are being still imported from India every year (CDD, 2013) . It is minimum possibility for maize area expansion in the mid hills because agricultural land has already been exhausted in Nepal (Ransom et al., 2003) . However, it is still scope for increasing cropping intensity in Terai, inner Terai and foot-hills (e.g., rice-fallow systems) by growing hybrid maize in winter. The increment of winter maize area by two folds under hybrid in Terai may help to reduce current trade imbalance of the country. Unfortunately, few hybrids developed from national research system and those released are not competitive. First of all, the grain yield performance of released cultivar is low as compared to commercial hybrids and secondly, seed availability of those hybrids is almost negligible for general cultivation. Unavailability of competitive hybrid cultivars within the country and underdeveloped seed industries caused dependency over imported hybrid maize seed every year (Gurung et al., 2011) . Large numbers of multinational companies' hybrids have been registered in National Seed Board in Nepal. In this context, as the hybrid maize area has been growing extensively in Terai and partly in mid-hill districts, the commercial seed companies are the major source of seed. Hybrid maize seed marketing is flourishing every year but limited commercial hybrids are suited to cultivation owing to existing diverse agro-ecological regime of the country. Therefore, the objective of this study was to identify superior maize hybrids suitable for winter time planting in eastern, central and inner Terai of Nepal.
MATERIALS AND METHODS

Commercial hybrid maize evaluation trial dataset
Hybrid maize of various commercial seed companies was being evaluated regularly in across sites coordinated trials by National Maize Research Program, Rampur since 2010/11. This experiment was conducted at three sites i.e. Rampur, Chitwan (Inner Terai), Parwanipur, Bara (Central Terai) and Tarahara, Sunsari (Eastern Terai) during winter seasons of 2010/11 and 2011/12. These are the representative sites where winter maize is extensively cultivated in winter season in Nepal. Sixty-nine hybrids of 12 seed companies and 56 hybrids of 12 seed companies were evaluated on multi-location trial in the first and second year respectively. Seven varieties from Monsanto and four seed companies were common in both the years. Therefore, altogether -1921, C-1945, C-1946, C-1950, C-6485 The crop planted in 2 nd and 3 rd week of November respectively in 2010 and 2011. The experiment was conducted in Randomized Complete Block (RCB) design with two replicates in each site on both the years. Each experimental plot had four rows of 5 m long, with 0.75 m an inter-row spacing and 0.25 m intra-row spacing.. NPK was applied as fertilizer @ 160 kg N, 60 kg P 2 O 5 and 40 kg K 2 O ha -1 in the form of urea, di-ammonium phosphate (DAP), and Murate of Potash (MoP). A total dose of phosphorus and potash applied as basal dose but urea was added on three splits; the first ½ at planting time, next ¼ and later ¼ at four weeks and six weeks after planting respectively. Furthermore, farm yard manure (10 t ha -1 ) also incorporated in soil at the time of land preparation.
Data recording and statistical analysis
The observation recorded for grain yield (considering 0.8 standard shelling co-efficient along with 12.5 percent adjusted grain moisture before converting kg per hectare), days silking (days after planting when half of the plants extrude silks). Plant height measured before harvesting by using measuring scale. The grain yield was estimated using formula adopted by Where, MC = harvest time moisture content in grains (%), 0.8 = standard shelling co-efficient, 12.5 = standard moisture content, and 7.5 = area harvested (m 2 ) All agronomic traits were analyzed using META-R software for both specific and across-site analysis (Alvarado et al., 2015) . The variance due to genotype, genotype × environment interaction, and environment calculated to estimate broad sense heritability. The per se genotypic mean grain yield ranked to assess the status of cross over GEI. Superiority index (Pi) value calculated for the rank of grain yield based on the model proposed by Lin and Binns (1988) to identify good performing and stable genotypes. The genotypes with lowest Pi value and most productive in a given set of environments were considered as superior (Lin and Binns, 1988; Ye et al., 2001) .
Where, Pi= superiority index in which the smaller the value the better the genotype, yij =yield of i th genotype in the j th site, ymj= maximum response among the genotypes in the j th site, v=numbers of genotypes. 
RESULTS
Analysis of variance in maize performance
The days to silking ranged from 113-127 with mean 119 days in the first year and 108-123 days with mean 116 in next year (Table 3-4). It indicated that days to flowering differed by two weeks between the early and late genotypes so that maturity period differs by one month between the early and late maturing genotypes. The plant height ranged from 153-222 with mean 187 cm in 2010-11 whereas it ranges from 149-189 with mean 173 cm in 2011-12 (Table 3-4) . The highest plant height observed on 30B11 followed by P3856 in the first year. Then, Top class and Kirtiman Kundan respectively observed as tall and dwarf variety in the corresponding year. High yielding genotype produced more than 35 to 38 percent higher than average grain yield in the first year and second year respectively. It also indicated that the lowest yielding genotype has produced nearly 50 percent greater yield than the national average (2501 kg ha -1 ) of 2012. The results from analysis of variance revealed that the effect of GEI on grain yield was highly significant with the relatively greater proportion of total variation contributed by GEI in both the years. In the meantime, a large yield variation explained by environments and GEI than genotype. It indicates that environment and GEI effect was more important for grain yield in hybrid maize.
Genotype grouping based on ranking
Four distinct groups of genotypes observed in both the years when mean rank plotted against the Francis coefficient of variation (Table 5 ). The mean rank 34.5 and coefficient of variation (CV) 40 percent in table 5 as well as the mean, rank 28 and Francis CV 42 percent in table 6 divided the graphs into four quadrants. It makes easy to understand the distribution pattern of genotypes in a simple and descriptive way. (2) 3404, P-3522, P-3540,P-3856 (6) 3785 (3) Shree Ram Bioseed (7) 9681, BadshahGold ( The group I comprehend the genotypes with greater mean rank value as well as higher CV percentage. The genotypes are high yielding but large variation in their performance. It indicates that the genotypes of this group perform better under favorable environment. For example, 11 hybrids of five seed companies (Table 5 ) and seven hybrids of four seed companies (Table 6 ) clustered under this group. The group II includes the genotypes having higher rank value and lower CV percentage. The genotypes of this group identified as good performing and stable. It means these genotypes are most desirable, high yielding as well as consistent over the locations. Twenty-five hybrids of nine seed companies and 22 hybrids of nine seed companies clustered under this group in respectively first and second year. In fact, the hybrids with the ability to good performance and adaptive characters might have clustered in this group. The group III comprised the genotypes having lower rank value as well as lower CV percentage. The genotypes are consistent but low yielding. Therefore, it is supposed to be the group of undesirable genotypes because of low yield performance across the environments. For example, 15 hybrids of seven seed companies in the first year and 10 hybrids of eight seed companies in the second year clustered under this group. The group IV consisted of genotypes with lower mean yield rank value but higher CV percentage. The genotypes of this group were inconsistent and low yielding. Therefore, it was the group of highly undesirable genotypes. For example, 18 genotypes of nine seed companies in the first year and seventeen hybrids of seven seed companies in the second year clustered under this group. In summary, the hybrids that clustered under group III and group IV might not be suitable to grow on eastern, central and inner Terai in Nepal.
Superiority measures based on yield
The name of potential high yielding and stable hybrids with the seed company, yield over locations and lower superiority value (Pi) presented on table 7-8. The genotypes having lower superiority measure (Pi) value also showed higher mean yield and lower coefficient of variation. The genotypes with more than 8000 kg ha -1 grain yields and least standard deviation are P3522, Biscox81, Proagro Sampanna, and NMH777 in the first year and more than 7000 kg ha -1 grain yield and smallest standard deviation are Challenger, Top Class, MAC (VMH4102) and Super Hi-corn in the second year. Table 7 -8 also include the lists of same varieties on group II in table 5 where 25 hybrids of 10 seed companies and 22 hybrids of eight seed companies produced good yield performance and stability respectively in the first and second year. In summary, P3856 of Pioneer, as well as Bisco prince of Bisco bio-science in the first year (Table 7) and 3022 of Rashi seed as well as Kritiman Manik of Kritiman agro in the second year (Table 8 ) was the top performing and stable hybrids. The results also showed that the same variety of Monsanto failed to produce similar yield on next season experiment in comparison to the first season. The hybrids from Dhaanya seed could not meet the criteria for both the years. Likewise, none of the varieties of CP seed, Namdhari seeds and Chand Hybrid able to show stability and good yield performance. The seed companies generating more numbers of competitive hybrids were Pioneer, Shree Ram, and Advanta followed by Bisco Bioscience, Vibha, and Zuari. 
DISCUSSION
The existing heterogeneity among the evaluated hybrids and growing environment clearly reflected on days to silking, plant height, and grain yield performance of commercial hybrid maize. In general, maize experience severe cold stress during the flowering time when planted in winter. The silking period is the most sensitive period for the crop when maize planted in cold stress condition (Abendroth et al., 2011) . Silking duration was quite long in winter maize because of low temperature and low solar radiation in Terai. The time required for corn to progress from vegetative to the reproductive stage is based on the amount of heat accumulated (Abendroth et al., 2011; Thomison & Nielson, 2002) . Cold stress during flowering time directly affects silking time rather than anthesis, which increases the gap between anthesis and silking, obstructs fertilization, and ultimately reduce the kernel number per ear. The differences in grain yield across environments might be owing to variation in the genetic base of the hybrids, differing environmental conditions over sites, and GEI. Similar kind of observation was also reported by Sharma et al. (2008) . The maize hybrids developed by different seed companies with various genetic backgrounds might be the major causes of variability in performance among genotypes. Shrestha and Kunwar (2014) from two years observation recorded that there was significant variation in eighteen maize hybrids for flowering and grain yield. The variation in climatic parameters and soil type of experimental site might be also depicted on the performance of these commercial hybrids. Growth and development of crops influenced by temperature, radiation, photoperiod and water availability (Tsimba et al., 2013) . Furthermore, Parwanipur followed by Tarahara was the highest grain yield producing sites in both the years. It also showed that maize growing environment of Rampur was closer to both Parwanipur and Tarahara. A similar kind of result was also reported by Koirala et al. (2013) . The effect of GEI was high on final harvest of commercial hybrids that's why the same genotype behaves differently on changed location. Four distinct groups of genotypes were observed from this distribution pattern analysis. The mean-CV method for genotype grouping was used on yield stability analysis on hybrid maize (Francis & Kannenberg, 1978) . Altogether, forty-seven hybrids of twenty seed companies with higher rank value and lower CV percentage were identified as good performing and stable. In the meantime, a large yield variation explained by environments and GEI than genotype indicates that environment and GEI factors were vital than genotype in crop yield. The stable and high yielding genotypes can be suitable for general cultivation to wider regions. In addition to this, those genotypes which are performing better yield on specific location could be suitable for cultivation to a particular region. Superiority measure helps to measure the behavior of genotypes where genotype × environment interactions is significant (Lin & Binns, 1988) .
CONCLUSION
The increasing numbers of new seed companies on testing of new hybrids with enough numbers of competitive varieties revealed the future potentiality of hybrid seed marketing in Nepal. Those commercial hybrids which had high yield potential and stable could be suitable for general cultivation to similar environments. However, genotypes with better yield performance on certain location could be suitable to grow only on that specific region. Furthermore, among the three locations, Parwanipur identified as high yielding site and Rampur as a representative site for hybrid evaluation in both years. Pioneer, Shree Ram, and Advanta followed by Bisco Bio-science, Vibha, and Zuari are recognized as the seed companies producing more numbers of competitive hybrids.
